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ABSTRACT
Using the formalism of the spherical infall model the structure of collapsed and virialized dark halos
is calculated for a variety of scale-free initial conditions. In spite of the scale-free cosmological nature of
the problem, the collapse of individual objects is not self-similar. Unlike most of previous calculations
the dynamics used here relies only on adiabatic invariants and not on self-similarity. The paper focuses
on the structure of the innermost part of the collapsed halos and addresses the problem of central density
cusps. The slopes of density profiles at 1% of virial radius are calculated for a variety of cosmological
models and are found to vary with the mass of the halos, power spectrum of density fluctuations and
Ω0. The inner slopes range between r
−2.3 and r−2 with the limiting case of r−2 reached for the largest
masses. The steep cusps found here correspond to the limiting case where all particles move on radial
orbits. The introduction of angular momentum will make the density profile shallower. We expect this
to resolve the discrepancy found between the calculated profiles and the ones found in high resolution
N -body simulations, where the exponent ranges from −0.5 to −1.5. The robust prediction here is that
collisionless gravitational collapse in an expanding universe is expected to form density cups and not
halos with a core structure.
Subject headings: methods: analytical—cosmology: theory—galaxies: formation—large-scale structure
of universe
1. INTRODUCTION
The structure of collapsed and virialized objects such
as galaxies and clusters poses a real challenge to our un-
derstanding of structure formation in the universe. The
basic problem in this field is that of the formation of ‘dark
halos’, namely the outcome of the collisionless collapse in
an expanding universe. This was addressed first by two
seminal papers of Gunn & Gott (1972) and Gunn (1977),
where the cosmological expansion and the role of adiabatic
invariance were first introduced in the context of the for-
mation of individual objects. The next step was made by
Fillmore & Goldreich (1984) and Bertschinger (1985) who
found analytical predictions for the density of collapsed
objects seeded by scale-free primordial initial perturbation
in a flat universe. Hoffman & Shaham (1985, HS) applied
and modified these solutions to realistic initial conditions
in flat as well as open Friedman models. Their basic result
was that for an Einstein-de Sitter universe and a primor-
dial power spectrum P (k) ∝ kn the asymptotic solution for
the density profile is ρ ∝ rα where α = −3(3 + n)/(4 + n),
i.e. higher n yield steeper profiles (similar trend was found
for lower Ω0). This model was improved in a series of
papers focusing on the incorporation of the peak formal-
ism of Bardeen et al. (1986, BBKS) or weakly nonlinear
corrections and the refinement of the adiabatic invariance
calculations (Ryden & Gunn 1987; Hoffman 1988; Ryden
1988; Zaroubi & Hoffman 1993;  Lokas 1998, 2000).
The analytical studies were followed by numerical stud-
ies of the collapse problem by the means of N -body simu-
lations e.g. by Quinn, Salmon, & Zurek (1986) and Crone,
Evrard, & Richstone (1994) who confirmed predictions of
HS. Recently Navarro, Frenk & White (1997, NFW) es-
tablished that the density profile of dark matter halos
forming in different cosmologies follows a universal form
that steepens from r−1 near the center of the halo to r−3
at large distances. This result was confirmed by Cole &
Lacey (1996), Huss, Jain, & Steinmetz (1999a) and oth-
ers, although Kravtsov et al. (1998) obtain much shallower
inner profiles. Some recent very high resolution cosmologi-
cal simulations produce steeper density profiles, with inner
slopes r−1.5 (Fukushige & Makino 1997, 2000; Moore et al.
1998; Jing & Suto 2000). It seems that the outcome of a
collisionless gravitational collapse is a cuspy density pro-
file rather then a core structure, although the exact slope
of the cusp is still under debate.
There have been a number of attempts to identify a
mechanism responsible for the formation of the cusp,
mainly referring to the merging formalism of Lacey & Cole
(1993). Syer & White (1998) and Nusser & Sheth (1999)
claimed that the universal profile is a result of hierarchi-
cal clustering by mergers of smaller halos into bigger ones.
However, Moore et al. (1999) performed N -body simula-
tions with a cut-off in the power spectrum at small scales
and also obtained halos with cuspy density profiles. This
proves that merging and substructure does not play a crit-
ical role in the formation of density cusps.
The aim of the present paper is to demonstrate that
the density cusp is indeed a generic feature of collisionless
collapse in an expanding universe that emerges also from
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